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This invention relates to an electrical signal code gener— 
ator, and more particularly to apparatus for generating 
electrical voltage or current signal pulses in accordance 
with a multiplicity of preselected codes. 

There exists in the computer art, in the communications 
art, and in the geophysical prospecting art a need for gen 
erating a pseudo-random signal, sometimes called a signal 
representing a shift register binary code of maximal 
length. Apparatus capable of ful?lling this need deliver 
pulses that seem to be randomly spaced in time. While a 
number of devices have been devised for generating elec 
trical code groups of a pseudo-random nature, such de 
vices usually are extremely complex and completely lack 
ing in ?exibility. 

In a binary code the binary 1 denotes the presence of 
a pulse of a particular polarity; the binary 0 denotes the 
absence of a pulse of a particular polarity. Both binary 
l’s and binary O’s are generated in identical time inter 
vals. A shift register binary code group of maximal length 
e?nes a binary code formed by operating on a binary 

code group of N digits or binaries according to a predeter 
mined rule of formation such that the code group will not 
repeat itself before 2N—1 digits. Expressed in’another man 
ner, a binary code of maximal length is a binary code 
wherein a binary group of N digits at the beginning thereof 
is not repeated until the code has at least 2N-1 digits there— 
in. For example, if the code group 01101 is used, N will 
be equal to 5 and 2N—1 equals 31. A shift register binary 
code of maximal length can be formed therefrom by start 
ing off with 01101 and setting the next element equal to 
the sum modulo 2 of the ?rst, second, third, and ?fth digits 
preceding it. This process is repeated for each successive 
element and the following code is obtained: 

0110100001100100111110111000101 
By applying the above-speci?ed rule of formation, it Will 
be found that after 31 elements, the sequence will repeat. 
For a more complete discussion of shift register or null 
sequence code of maximal length, reference may be had 
to the following: “The Synthesis of Linear Sequential Cod 
ing Networks” by D. A. Huffman, Proc. Third London 
Symposium on information Theory, September 1955; 
“Several Binary-Sequence Generators” by N. Zierler, Tech. 
Rep. 95, Lincoln Laboratory, Massachusetts Institute of 
Technology, Cambridge, Massachusetts, September 1955. 

Before proceeding with a description of the invention, 
it is Well to de?ne certain of the components that are uti 
lized therein and to briefly describe their operation. The 
components to which reference is made are electrical or 
electromechanical devices that are referred to in the art as 
AND, OR, and MEMORY circuits. AND and OR cir 
cuits may be de?ned as circuits that respond to a plurality 
of conditions and have an output dependent on such con 
ditions. The relationship is such that the AND element 
transfers from a ?rst to a second output condition or 
state only if all of the conditions are present. In an OR 
circuit, an output signal is produced if any of the plurality 
of conditions are present. For example, in an OR circuit 
having plural input circuits, an output signal is produced 
when energy is supplied to any of its input circuits. A 
MEMORY circuit is a bistable circuit that, in response to 
a ?rst condition, produces an output signal that is main 
tained even though the ?rst condition thereafter is diS— 
continued. The MEMORY element is reset and the out 
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put signal terminated in response to a second condition. 
Thus, the MEMORY circuit may produce an output volt 
age or current in response to a signal applied to a ?rst 
control circuit thereof even though the signal is discon 
tinued, and will discontinue the output signal only in re 
sponse to a second signal applied to a second control cir 
cuit thereof. Suitable AND, OR, and MEMORY circuits 
for use with the present invention are well known in the 
art. Particularly suitable AND, OR, and MEMORY cir 
cuits are manufactured by Engineered Electronics Com 
pany of Santa Ana, California and are respectively desig 
nated as Model T-41OA, Model T-602, and Model T-103. 
T hese particular devices make use of transistors as valve 
elements. However, it should be noted that apparatus for 
use with the invention are not limited to transistor devices 
but may include magnetic ampli?ers, high-vacuum elec 
tronic valves, other types of semiconductor valves, or any 
combination thereof. 

In accordance with the teachings of this invention, there 
is provided a shift register binary counter wherein a plu 
rality of N serially connected MEMORY devices are 
consecutively pulsed one after the other by an input pulse 
so that the MEMORY devices are consecutively shifted 
thereby from a ?rst stable state to a second stable state. 
The MEMORY devices are serially connected in an open 
ended chain in such a manner that a given MEMORY 
device, upon being shifted to its second stable state, will 
return to its ?rst stable state the immediately preceding 
MEMORY device in the chain that was shifted to its sec— 
ond stable state. Each MEMORY device produces an 
output pulse upon being shifted to its second stable state. 
Circuit means are provided for returning the last of the 
MEMORY devices to be pulsed by the input pulse to its 
?rst stable state only when an even number of pulses are 
received thereby from the MEMORY devices. Thus, by 
using selective coupling-decoupling means, such as a 
bank of switches, to connect the output pulses to said 
circuit means, it will be found that the conductive state 
of the said last MEMORY stage will appear to vary in a 
random manner in response to a succession of input 
pulses, but that in fact the variation is according to a 
de?nite pattern. Inasmuch as the conductive states of 
the MEMORY devices are transferred up the chain of 
MEMORY devices upon every pulsing by an input pulse, 
the conductive state of the last MEMORY stage, as deter 
mined by a given pulse, is successively transferred up the 
chain by succeeding pulses. The number of output pulses 
produced by each input pulse will vary as the conductive 
states are thus transferred up the chain. By using the 
input pulse train of constant repetition rate and by using 
the output pulses of any of the MEMORY devices as 
the output of the system, a multiplicity of electrical pulse 
codes can be generated by varying the number of switches 
that are closed to connect the MEMORY devices output 
pulses to the circuit means. 
The invention may be alternatively described in the 

following manner. Let it be assumed that there is avail 
able an electrical MEMORY device with two stable states 
wherein one state represents the binary numeral “one” 
(hereinafter referred to as the “one” state), and the other 
state represents the binary numeral “zero” (hereinafter 
referred to as the “Zero” state). Let it be further assumed 
that the MEMORY device is provided With means for 
reading the state of the device responsive to a read pulse 
fed thereinto. One way to do this is termed “destructive 
readout” and functions in the following manner. The 
MEMORY device is so connected that it is always fed 
to the “zero” state thereof When the read pulse is intro 
duced thereinto. Furthermore, the output of the MEM 
ORY device is so connected that there is an output pulse 
when, and only when, the device changes from the “one” 
state to the “zero” state. In this manner the device de 
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livers an output pulse responsive to a read pulse when 
the device is in the “one” state at the time the read pulse 
is introduced. An output pulse may be assumed to repre 
sent the binary numeral “one,” and the absence of an 
output pulse may be assumed to represent the binary nu 
meral “zero.” 
A series of such MEMORY devices may be so con 

nected as to compose a shift register. The read pulse can 
be successively applied to the MEMORY devices in one 
direction down the series, and the information in the in 
dividual MEMORY devices as represented by the stable 
states thereof can be made to progress in the opposite 
direction up the series. This can be accomplished in the 
following manner. First, the read pulse is applied to a 
chain of delay devices so as to successively pulse the 
MEMORY device. The output circuits of the individual 
MEMORY devices will be connected through a coupling 
network to a counter buss and through another coupling 
network to the preceding MEMORY device in the series 
in such a manner as to set the preceding MEMORY 
device to the “one” state thereof if there is a “one” stored 
in the device being read. Thus, at the end of the read 
period, each MEMORY device will have stored in it the 
information that had been stored in the next MEMORY 
device down the series before the reading operation. 
The binary counter may be a conventional single stage 

counter coupled to the aforementioned counter buss. The 
counter is connected so as to count the number of pulses 
fed to the counter buss by the MEMORY devices. If an 
even number of “one’s” are stored in the MEMORY de 
vices, the counter will be in the “zero” state when it is 
read; if there are an odd number of “one’s” stored in the 
MEMORY devices when they are read the counter will 
be in the “one” state when it is read. After all of the 
MEMORY devices are read and the counter makes the 
decision “even” or “odd,” the counter is read if it con 
tains a “one.” This “one” is transferred to the MEM 
ORY device that is last in the aforementioned series. If 
there are no “one’s” in any of the MEMORY devices at 
the time of the reading, the counter will also end up with 
a “zero” and there will be no change of state of any of 
the devices when they are read. Thus, it is always neces 
sary to have at least one MEMORY device in the “one” 
state for the apparatus to function. This may be done by 
including in the circuit a starting switch that will set the 
initial condition of the devices when it is desired to gen 
erate a code sequence. 

Objects and features of the invention not apparent from 
the above discussion will become evident upon considera 
tion of the following description thereof when taken in 1 
connection with the accompanying drawings, wherein: 
FIG. 1 is an electrical schematic diagram of an em 

bodiment of the invention; 
FIG. 2 is an illustration in tabular form of the condi 

tions that the MEMORY device in FIG. 1 will assume 
upon being consecutively pulsed assuming switches SW2 
and SW4 to be open, and the other switches illustrated to 
be closed; and 

FIG. 3 is a table similar to FIG. 2 illustrating in tabu 
lar form the conditions that the MEMORY circuits will 
assume upon being consecutively pulsed with switches 
SW1 and SW2 open and the other switches closed. 
With reference now to FIG. 1, there is illustrated a 

binary shift register counter including MEMORY devices 
17, 19, 21, 23, and 25, and a plurality of delay circuits 5, 
7, 9, 11, and 13 corresponding thereto. The delay cir 
cuits may be one-shot multivibrators, lumped delay lines, 
distributed delay lines, or any delay system wherein the 
length of delay may be controlled. The bistable MEM 
ORY circuits each have two input circuits for changing 
the conductive state of the MEMORY devices, and an 
output circuit through which an output pulse is delivered 
when the MEMORY device changes from a ?rst conduc 
tive state thereof to a second conductive state thereof. The 
delay circuits 5, 7, 9, 11, and 13 are serially connected so 
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that a pulse applied to delay circuit 5 is passed down the 
chain and consecutively appears in the output circuit of 
the delay circuits after suitable delay intervals determined 
by the constants of the circuits. 
A pulse generator is provided which includes a signal 

generator 1, the output of which is fed to a wave shaper 3. 
The signal generator 1 may be a sine wave generator 
adapted to produce a controllable, frequency-regulated 
output signal. The wave shaper 3 may be a squaring 
ampli?er, a zero crossing pulser, or other suitable device 
for producing sharp output pulses. The output signal of 
wave shaper 3 is applied to an input terminal 4 connected 
to delay circuit 5 and to the ?rst input circuit of MEM 
ORY circuit 17 by means of electrical lead 17A. The 
output signals of delay circuits 5, 7, 9, and 11 respectively 
are connected to the ?rst input circuits of MEMORY cir 
cuits 19, 21, 23, and 25, respectively, by electrical leads 
19A, 21A, 23A, and 25A. The output pulses from 
MEMORY circuit 19 appearing on leads 19C are trans 
mitted to the second input circuit of MEMORY circuit 
17 by lead 1713. Similarly, the output pulses from MEM 
ORY circuits 21, 23, and 25 are transmitted to the second 
input circuits of MEMORY circuits 19, 21, and 23, re 
spectively, by electrical leads 23B, 21B, and 193. Thus, 
the output pulses from the MEMORY devices are oper 
ative to switch the immediately preceding MEMORY 
devices in the chain, as shown, from the second conduc 
tive state thereof to the ?rst conductive state thereof. 
The output pulses of the MEMORY circuits 17, 19, 

21, 23, and 25 are transmitted to OR circuit 31 on elec 
trical leads 17C, 19C, 21C, 23C, and 25C, respectively, 
through switches SW1, SW2, SW3, SW4, and SW5, re 
spectively. The output pulses from OR circuit 31 are 
transmitted to a control circuit of a binary counter 29 by 
electrical leads 30. The switches SW1, SW2, SW3, SW4, 
and SW5 function to connect selected MEMORY circuits 
to OR circuit 31 so that the output pulses from the se 
lected MEMORY circuits will pulse binary counter 29. 
The binary counter 29 preferably is of the type having 
an input circuit, an output circuit, and a read circuit 
wherein the counter is switched back and forth between 
?rst and second stable states by successive input pulses to 
the control circuit, and wherein there is produced an out 
put pulse in the output circuit thereof responsive to a read 
pulse in the read circuit thereof when the counter switches 
from the second stable state to the ?rst stable state simul 
taneously with reception of a read pulse thereby. A suit 
able device for use with the invention is Model T-102A 
of Engineered Electronics Company. 
The read pulses for the binary counter 29 are derived 

from the output circuit of delay circuit 13. Manifestly, 
a pulse is applied to the binary counter 29 after pulses 
have been applied to all of the MEMORY circuits. The 
design of the binary counter is such that an output pulse 
will appear on lead 27B when the binary counter 29 is 
switched to a ?rst conductive state thereof by a pulse from 
OR circuit 31 simultaneously with reception of a pulse 
from delay circuit 13. 
The output pulses of binary counter 29 are applied to an 

input circuit of AND gate 27 by means of lead 27B. The 
other input signal to AND gate 27 is derived from delay 
circuit 15 which is pulsed by the output signal from delay 
circuit 11. The delay time of delay circuit 15 is sub 
stantially greater than the delay time of delay circuit 13 
and should be such that input signals are applied to AND 
gate 27 by delay circuit 15 and by binary counter 29 at 
the same time so that an output pulse will be present in the 
output signal of AND gate 27. The output signals from 
AND gate 27 are transmitted to the second input circuit 
of MEMORY circuit 25 by line 25B. 
The operation of the circuit of FIG. 1 will be described 

in connection with the table of FIG. 2. Let it be assumed 
that switches SW1, SW3, SW5 are closed and that switches 
SW2 and SW4 are open. A pulse supplied to input ter 
minal 4 will be simultaneously applied to delay circuit 5 
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and the ?rst input circuit of MEMORY circuit 17. MEM 
ORY circuit 17 will change to the second stable state 
thereof and will produce an output signal on leads 17C. 
After suitable delay, the output signal of delay circuit 5 
will be applied to the ?rst input circuit of MEMORY cir 
cuit 19 so that an output pulse will appear on leads 190. 
This output pulse will pulse MEMORY circuit 17 back to 
the ?rst stable state thereof. Similarly, the output pulses 
from delay circuits 7, 9, and 11 will be effective to trigger 
MEMORY circuits 21, 23, and 25 to produce output 
pulses on lines 21C, 23C, and 25C. However, only the 
pulses on lines 17C, 21C, and 25C will be connected to OR 
circuit 31 so that an odd number of pulses will be counted 
by binary counter 29. All of the MEMORY circuits 17, 
19, 21, and 23 will be returned to their ?rst conductive 
states responsive to output pulses from MEMORY cir 
cuits 19, 21, 23, and 25. Inasmuch as binary counter 29 
has counted an odd number of pulses, the read pulse sup 
plied by delay circuit 13 on circuit 28 will produce no out 
put pulse to AND gate 27. Therefore, MEMORY cir 
cuit 25 will remain in its second stable state. The con 
ductive states of the counters will be as represented at time 
step 2 of FIG. 2. 
The next pulse supplied to input terminal 4 by signal 

generator 1 and wave shaper 3 will produce output pulses 
from MEMORY circuits 17, 19, 21, and 23, but no out 
put pulse from MEMORY circuit 25. Only the output 
pulses from MEMORY circuits 17 and 21 will be ap 
plied to the binary counter 29 through switches SW3, 
SW5, or circuit 31. A pulse will arrive at AND gate 27 
on circuit 27B simultaneously with the delayed pulse on 
circuit 27A from delay circuit 13. Therefore, an output 
pulse will be applied to the second input circuit of MEM 
ORY circuit 25. MEMORY circuit 25 will be switched 
to its ?rst stable state. Note, however, that since there 
was no output pulse from MEMORY circuit 25 when 
the circuit was pulsed by the second input pulse from 
delay circuit 11, MEMORY circuit 23 is now in its sec 
ond stable state. Thus, the stable state of MEMORY 
circuit 25 that existed when the second pulse was ap 
plied to terminal 4 has been transferred to MEMORY 

‘ circuit 23. The conductive state of MEMORY circuit 
25 will not change inasmuch as no pulse was produced 
by binary counter 29 to be transmitted through AND gate 
27 to change the stable state of MEMORY circuit 25. 
The conductive states of the MEMORY circuits will be 
as represented at time step 3 of FIG. 2. 

Similarly, the next pulse applied to input terminal 4 
will supply only two pulses to binary counter 29. The 
effect of the third input pulse will be to transfer the stable 
states of the MEMORY circuits and to leave MEM 
ORY circuit 25 in its second stable state. This state of 
affairs is represented at time step 4. However, the next 
input pulse will result in an odd number of pulses being 
supplied to binary counter 29 so that simultaneous out 
put pulses will be produced from binary counter 29 
and AND gate 27 to change the stable state of MEM 
ORY circuit 25, resulting in the various MEMORY cir 
cuits assuming the stable states shown at time step 5. 
The sequence of operations Will be repeated until the 
thirty-second time step. An output signal derived from 
the output circuit of MEMORY circuit 25 at terminal 33 
will have the sequence shown in FIG. 2 running down 
the column under MEMORY circuit 25. An inspection 
of this code sequence will show that it is truly a binary 
code of maximal length inasmuch as any S-digit code 
group therein is not repeated for thirty-one time steps. 
A similar cycle of operation may be derived assuming 

that switches SW1 and SW2 are open. The operating se 
quences of the various MEMORY circuits will be as 
shown in FIG. 3. 

It is manifest that the MEMORY circuits need not all 
be in the same conductive state at the beginning of a 
particular cycle of operation. The stable states of the 
MEMORY circuits may be changed by injecting a pulse 
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6 
MEMORY circuits with the input circuits disconnected 
from the rest of the system. 
The invention is not to be restricted to the use of ?ve 

MEMORY circuits and associated apparatus as shown 
in FIG. 1. The number of digits which the invention is 
capable of handling may be tremendously expanded by 
using a greater number of MEMORY circuits. For ex 
ample, by incorporating thirty-two MEMORY circuits, 
thirty-two associated delay devices, and thirty-two 
coupling-decoupling switches in the circuit, the generator 
is capable of generating sequences over 4 billion bits long 
before repetition of a 32-bit sequence. 

Also, the invention is not necessarily to be restricted 
to the speci?c circuit connections, structural details, or 
arrangement of parts herein set forth, as various modi 
?cations thereof may be effected without departing from 
the spirit and scope of the invention. 
The objects and features of the invention having been 

completely described, what I wish to claim is: 
l. A pulse code generator, comprising: 
electrical terminal means; 
a binary shift register counter connected to said ter 
minal means, said counter including a chain of inter 
connected bistable memory stages adapted to transfer 
stable states unilaterally along the chain responsive 
to an input signal coupled to said terminal means, 
each of said memory stages being adapted to produce 
an output pulse when changing from one of the 
stable states thereof to the other of the stabel states 
thereof; 

signal delaying means electrically coupled to said ter 
minal means; and 

circuit means connected to said binary counter and to 
said signal delaying means adapted to count output 
pulses from selected memory stages, responsive to an 
electrical signal from said signal delaying means to 
change from said other stable state to said one stable 
state the memory stage at the end of the chain from 
which stable states transfer along the chain, when an 
even number of output pulses from said selected 
memory stages have been counted by said circuit 
means. 

2. A pulse code generator comprising: 
a plurality of shift register stages, each of said stages 

including bistable memory means; 
means including delay means, coupled to said memory 

means, responsive to a pulse fed thereto to pulse said 
memory means in succession to shift said memory 
means from a ?rst stable state to a second stable 

state; 
said memory means being adapted to produce output 

pulses when shifting from said ?rst stable state to 
said second stable state; 

said memory means being connected in an open-ended 
chain to transfer stable states unilaterally up the 
chain in reverse order to the order of pulsing by 
said means including delay means in response to 
pulsing by said means including delay means; 

?rst circuit means connected to the last of said bistable 
memory means and to said delay means so as to be 
pulsed after all of said memory means have been 
pulsed, responsive to reception of an odd number of - 
pulses from said delay means to change the stable 
state of said last of said memory means; and 

second circuit means for connecting said ?rst circuit 
means to selected memory means to couple the out 
put pulses of said selected memory means to said 
?rst circuit means; 

the output of said generator being derived from the out 
put pulses of any one of said memory means. 

3. Apparatus for the generation of a binary pulse code, 
comprising: 

a bistable binary counter including an input circuit, 
an output circuit, and a readout circuit, responsive 
to a readout pulse fed to said readout circuit to 
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produce an output pulse in said output circuit thereof 
when in one of the stable states thereof; 

a shift register counter including a plurality of bistable 
memory circuits interconnected ‘in an open-ended 
chain, responsive to an input pulse applied thereto 
to sequentially and consecutively transfer stable 
states between said memory circuits in the order op 
posite to the order of pulsing by said input pulse, 
each of said memory circuits being adapted to pro 
duce an output pulse upon being shifted from 1a ?rst 
stable state thereof to a second stable state thereof; 

said shift register counter being connected to said 
binary counter readout circuit so that said input pulse 
is fed to said readout circuit after pulsing all of 
said memory circuits; 

?rst circuit means, including decoupling means, con 
necting said bistable memory circuits to said binary 
counter input circuit whereby said output pulses from 
selected memory circuits will pulse said binary 
counter; 

second circuit means connecting said binary counter 
output circuit to the last of said memory circuits 
pulsed by said input pulse to shift said last of said 
memory circuits from said second stable state to said 
?rst stable state responsive to a pulse from said binary 
counter output circuit; and 

output terminal means connected to said binary counter 
to receive output pulses from a preselected one of 
:said memory circuits. 

4. Apparatus for the generation of a binary pulse code, 
comprising: 

a plurality of shift register stages, each of said stages 
including bistable memory means; 

means including delay means coupled to said memory 
means for pulsing said memory means in succession 
to shift said memory means in succession from a 
?rst stable state thereof to a second stable state 
thereof; 

said memory means being connected in an‘ open-ended 
chain‘ so that output pulses from a given memory 
means will shift the memory means pulsed by said 
delay means immediately before pulsing of said given 
memory means from the second stable state thereof 
to the ?rst stable state thereof; 

circuit means connected to said memory means respon 
sive to reception of an even number of output pulses 
therefrom to change the stable state of the last of 
the memory means pulsed by said means including 
delay means from a second stable state to a ?rst 
stable state; 
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an output terminal means connected to one of said 

bistable memory means to receive output pulses from 
said one of said bistable memory means when said 
one of said bistable memory means shifts from the 
?rst stable state thereof to the second stable state 
thereof. 

5. Apparatus for the generation of a binary pulse code, 
comprising: 

a serial shift register comprising a plurality of bistable 
means, each bistable means having a ?rst control cir 
cuit for shifting said each bistable means from a 
?rst stable state thereof to a second stable state 
thereof responsive to a pulse coupled thereto, a sec 
ond control circuit for shifting said each bistable 
means from said second stable state thereof to said 
?rst stable state thereof responsive to a pulse coupled 
thereto, and an output circuit wherein an output 
pulse is produced responsive to a pulse coupled to 
said ?rst control circuit, said bistable means being 
serially connected in an open-ended chain whereby 
stable states are unilaterally transferred between ad 
jacent bistable means in said chain responsive to 
said input pulse; 

binary counter means; 
second circuit means coupling the output circuit of 

said bistable means to said binary counter means, 
said second circuit means including decoupling 
means for individually decoupling selected output 
circuits of said bistable means from said binary 
counter means; 

control terminal means for receiving a pulse train of 
given pulse repetition rate; 

delay means coupling said control terminal means to 
said ?rst control circuits of said bistable means and 
to said binary counter means adapted to pulse said 
?rst control circuits in succession and to thereafter 
pulse said binary counter means; and 

circuit means connecting said binary counter means to 
said ?rst control circuit of the last bistable means 
pulsed by said delay means for pulsing said ?rst 
control circuit of said last bistable means responsive 
to a pulse received by said binary counter means 
from said delay means and when an even number of 
pulses has been counted by said binary counter means. 
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